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(57) ABSTRACT 

A multi-layer printed circuit board includes a ?rst conductive 
layer including at least one conductor pattern and a plated 
through hole extending into the ?rst conductive layer and 
intersecting the conductor pattern. A current diverting cutout 
in the conductor pattern is positioned proximate the intersec 
tion of the plated through hole and conductor pattern. 
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PRINTED WIRING BOARD ASSEMBLY WITH 
SELF-COMPENSATING GROUND VIA AND 

CURRENT DIVERTING CUTOUT 

FIELD OF THE INVENTION 

The invention relates generally to printed circuit and Wir 
ing boards and speci?cally to through hole connections 
betWeen multiple layers of multi-layer boards. 

BACKGROUND OF THE INVENTION 

Printed circuit boards (PCB) and printed Wiring boards 
(PWB) are used in a variety of circuits and electrical devices. 
Many such boards are multi-layer boards, Wherein the boards 
have speci?c conductive circuit patterns and circuit traces and 
are arranged in a stacked con?guration and interconnected to 
operate together. 
One typical method of electrically connecting together the 

individual boards of a multiple board arrangement is by using 
plated through holes (PTH). Plated through holes are essen 
tially holes that extend through the multiple layers and inter 
sect the circuit patterns of the multiple layers. The through 
holes are plated, such as With a conductive metal, to electri 
cally connect the circuit patterns of adjacent layers together. 
For example, one layer of a multi-layer arrangement might be 
fully metalliZed to act as a grounding layer or ground refer 
ence for the other layers of the board. Plated through holes are 
then positioned to extend from the ground layer to the circuit 
traces of another layer to provide a ground reference for those 
circuit traces. 

Multi-layer PWBs are used for a variety of RF applica 
tions, such as to form RF ?lters and ampli?er circuits that are 
used for a variety of various RF communication applications. 
In a typical design, a top and bottom conductor layer might 
sandWich a middle conductor layer that contains multiple 
conductor patterns. Interposed dielectric layers separate the 
conductive layers from each other, both physically and elec 
trically. Plated through holes extend through the conductor 
layers and dielectric layers and intersect the conductor traces 
of the pattern of the middle layer. The plated through holes 
form a conductive interconnection betWeen the traces of the 
middle layer and the top and bottom conductor layers. 

FIG. 1 illustrates one typical multi-layer assembly 10. The 
assembly 10 forms an RF circuit called an interdigital ?lter. 
The ?lter 10 includes a top conductive layer 12, a bottom 
conductive layer 16 and a middle conductive layer 14 that 
includes a circuit pattern that includes multiple traces 20. 
Dielectric layers 13, 15 separate the conductive layers 12, 14, 
16. The traces 20, Which form resonators in the ?lter 10, are 
coupled at ends thereof to the conductive layers 12, 16 by 
plated through holes 22 that are sometimes referred to as 
plated vias. In the case of the ?lter 10, if the top and bottom 
conductive layers are grounded, the plated through holes act 
to ground the selected ends of the resonator traces 20. At RF 
frequencies, the traces 20 arranged as shoWn and grounded by 
the through holes, operate as an RF ?lter element. Signals at 
input trace 24 are ?ltered and output at the output trace 26. 

In the ?lter example of FIGS. 1 and 2, the resonator traces 
20 and PTH vias 22 are used to create resonator elements for 
the ?lter. To that end, it is very important to have proper 
alignment betWeen the PTH vias that extend through all of the 
multiple layers and the respective resonator patterns that are 
intersected by the vias. Any errors in the registration of the 
PTH vias With respect to their positioning and intersection 
With the resonator patterns is undesirable because such errors 
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2 
cause undesirable differences in the resonant frequencies of 
the subject resonators 20 of the ?lter 10. 
One particular problem in such a multi-layer PWB com 

ponent design is the fact that the PTH grounding vias are 
normally added to a PWB device after all layers are bonded 
together. Referring again to FIG. 1, such a vieW shoWn is 
essentially an “x-ray” vieW shoWing the middle layer. HoW 
ever, in reality When the solid conductive layers 12, 16 and 
dielectric 13, 15 layers are assembled, it is very dif?cult to 
accurately locate the PTH vias With respect to the resonator 
pattern 20 because direct visual reference to the pattern 20 on 
the middle conductive layer 14 is blocked or covered by the 
upper dielectric layer 13 and top conductive layer 12. Errors 
in the absolute position of the PTH grounding vias may cause 
unacceptable tuning errors in the ?lter. FIG. 2 shoWs a typical 
single resonator conductor pattern and its PTH ground via. 

Therefore, there is a need in the art to address problems in 
the fabrication of multi-layer PCB and PWB devices, and 
speci?cally to address the need for PTH placement Wherein 
direct visual references are obstructed. There is a particular 
need to address positioning of PTH grounding vias in such 
multi-layer designs Which form circuits that are susceptible to 
degradations and errors resulting from registration errors 
betWeen the PTH vias and conductor patterns. These needs 
and others are addressed by the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are incorporated in 
and constitute a part of this speci?cation, illustrate embodi 
ments of the invention and, together With the detailed descrip 
tion of the embodiments given beloW, serve to explain the 
principles of the invention. 

FIG. 1 is a perspective vieW, in partial section, of the related 
art of a printed Wiring board device implementing a ?lter With 
Which the invention might be utiliZed. 

FIG. 2 illustrates a conductor pattern shoWing a plated 
through hole via in the pattern With Which the invention might 
be utiliZed. 

FIG. 3 is a top vieW of a conductor pattern With the plated 
through hole incorporating the present invention. 

FIG. 4 is a closer top vieW of a conductor pattern With the 
plated through hole incorporating the present invention. 

FIG. 5 is a perspective vieW of a printed Wiring board 
utiliZing the present invention in a ?lter design. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS OF THE INVENTION 

As noted above, FIG. 1 illustrates a printed Wiring board 
structure that has a typical multi-layer design. FIG. 2 is a 
closer vieW of a conductor pattern in such a multi-layer PWB 
design utiliZing a plated through hole. The present invention 
addresses various of the draWbacks in the prior art including 
those noted above by utiliZing a current diverting cut-out in 
the conductor pattern that addresses problems caused by mis 
alignment errors. 

Referring to FIG. 3, a conductor pattern 20, similar to that 
illustrated in FIGS. 1 and 2, is shoWn. The plated through hole 
22 is positioned to intersect at one end of the conductor 
pattern 20. In the speci?c PWB example discussed herein, the 
conductor patterns are utiliZed in the PWB device to form 
multiple resonators of an interdigital ?lter. It should be under 
stood by a person of ordinary skill in the art that multi-layer 
PWBs may be utiliZed to form any number of different cir 
cuits, including different RF circuits for various applications. 
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Therefore, the present invention is not simply limited to use 
With the disclosed ?lter design. 
A current diverting cutout 30 is illustrated in FIGS. 3 and 4. 

The current diverting cutout 30 is positioned proximate the 
area Where the plated through hole intersects the conductor 
pattern. Conductive material is removed from pattern 20, 
such as by being etched aWay or not deposited When the 
pattern 20 is laid doWn on layer 14 (eg see FIG. 1), in order 
to form the current diverting cutout 30. For the resonator 
pattern 20 illustrated in FIG. 3, the area of intersection is 
designated With numeral 32 and is approximately at the end of 
the resonator pattern 20. As noted above, the plated through 
hole 22 may also intersect a top conductive layer 12 or a 
bottom conductive layer 16 or some other conductive layer. In 
the disclosed embodiment, the plated through holes are uti 
liZed to provide grounding vias, or grounding points, for the 
various conductor patterns (resonators) 20. Although dis 
cussed herein as grounding vias, the plated through holes 
might also provide other signal references and signal to the 
conductor patterns 20. 

To provide a grounding reference, the plated through holes 
of the device shoWn in FIGS. 1 and 5 intersect not only the 
?rst conductive layer, Which is illustrated as a middle con 
ductive layer 14 and includes the conductor patterns 20, but 
also intersects the second and third conductive layers that 
overlie and underlie the middle conductive layer. For 
example, the plated through holes 22 intersect a top conduc 
tive layer 12 and a bottom conductive layer 16. 

In one aspect of the present invention, the current diverting 
cut-outs 30 create an electrical connection betWeen the 
respective conductor pattern 20 and the plated through hole 
22 that has at least one of a capacitive and/ or inductive com 
ponent. Those capacitive or inductive components are re?ec 
tive of the location of the plated through hole 20 With respect 
to the conductorpattem 20 and also With respect to the current 
diverting cut-out 3 0. Particularly, the current diverting cut-out 
30 creates an electrical connection at the plated through hole 
22 and the end area 32 of the conductor pattern or resonator 22 
that has capacitive and inductive components that vary, in an 
opposing manner, as the physical location of the plated 
through hole varies With respect to conductor pattern 20. 

Referring to FIG. 4, for example, if the plated through hole 
22 varies from side to side With respect to the Width W of the 
conductor pattern 20 or varies along the length L, but stays 
Within normal error ranges for the placement of the plated 
through hole, the electrical connection of the conductor pat 
tern 20 to the plated through hole 22 has capacitive and 
inductive components that change in an opposing manner. 
The cutouts 30 prevent undesirable electrical characteristics 
of the conductor pattern 20 due to misalignment betWeen the 
patterns 20 and a respective plated through hole 22. In the 
?lter example described herein, addressing the variation in 
the physical location of the plated through hole vias 22 Within 
normal error ranges prevents differences in the resonant fre 
quencies of the subject resonators 20. FIG. 5 illustrates a 
PWB structure in the form of a ?lter similar to FIG. 1 With 
some similar reference numbers for similar components, as 
set forth above, With respect to FIG. 1, and thus, is not 
described in detail in FIG. 5, but utiliZing the current diverting 
cutouts 30 at the various areas 32 indicating the electrical 
connection betWeen the plated through holes 22 and the reso 
nators 20. 

The current diverting cut-outs 30 of the present invention 
may have various shapes that Will ensure the desired opposing 
capacitive and inductive interaction based upon the position 
ing of the plated through holes 22 and the conductor pattern 
20. In the example illustrated in FIGS. 3, 4, and 5, the current 
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4 
diverting cut-out is shaped to partially surround the plated 
through hole 20 at the intersection area 32. More speci?cally, 
the current diverting cut-out 30 is semi-circular in shape to 
partially surround the plated through hole having a generally 
circular cross-section. Of course, plated through holes With 
other cross-sectional shapes might also be utiliZed and the 
current diverting cut-out 30 Would be re?ective of such a 
shape to ensure the opposing interactive capacitive and induc 
tive characteristics of the current diverting cut-out based on 
the position of the plated via With respect to the conductor 
patterns to Which it connects. 

Thus, the present invention is utiliZed in a ?lter as shoWn in 
FIG. 5, for example, and prevents undesirable errors or dif 
ferences in resonant frequencies of the various ?lter resona 
tors and, thus, prevents unacceptable tuning errors in the ?lter. 
Furthermore, the present invention eliminates the concern 
over the dif?culty in accurately locating the vias With respect 
to the conductor patterns because of a lack of a direct and 
visual reference to those conductor patterns that are hidden, 
such as in a middle layer of a multi-layer PWB structure. 
While the present invention has been illustrated by a 

description of various embodiments and While these embodi 
ments have been described in considerable detail, it is not the 
intention of the applicant to restrict or in any Way limit the 
scope of the appended claims to such detail. Additional 
advantages and modi?cations Will readily appear to those 
skilled in the art. The invention in its broader aspects is 
therefore not limited to the speci?c details, representative 
apparatus and method, and illustrative examples shoWn and 
described. Accordingly, departures may be made from such 
details Without departing from the spirit or scope of appli 
cant’s general inventive concept. 
What is claimed is: 
1. A multi-layer printed circuit board comprising: 
a ?rst conductive layer including at least one conductor 

pattern de?ning a circuit element; 
a second conductive layer de?ning a ground plane With 

respect to the ?rst conductive layer and the circuit ele 
ment; 

the second conductive layer overlying the ?rst conductive 
layer; 

a plated through hole extending betWeen the ?rst conduc 
tive layer and the second conductive layer and intersect 
ing the at least one conductorpattern to couple the circuit 
element to the ground plane; 

a current diverting cutout disposed in the circuit element 
and positioned proximate the intersection of the plated 
through hole and the at least one conductor pattern. 

2. The multi-layer printed circuit board of claim 1 Wherein 
the circuit element of the at least one conductor pattern 
includes a resonator element of a ?lter. 

3. The multi-layer printed circuit board of claim 1 Wherein 
the current diverting cutout creates an electrical connection 
betWeen the circuit element and the plated through hole that 
has at least one of capacitive and inductive components that 
are re?ective of the location of the plated through hole With 
respect to the at least one conductor pattern. 

4. The multi-layer printed circuit board of claim 3 Wherein 
the at least one of capacitive and inductive components of the 
electrical connection vary, in an opposing manner, as the 
physical location of the plated through hole varies on the at 
least one conductor pattern. 

5. A method of forming a multi-layer printed circuit board 
comprising: 

providing a ?rst conductive layer and including at least one 
conductor pattern to form a circuit element in that ?rst 
conductive layer; 



US 7,411,474 B2 
5 

forming a ground plane With a second conductive layer to 
overlie the ?rst conductive layer and the circuit element; 

forming a plated through hole to extend betWeen the ?rst 
and second conductive layers and to intersect the circuit 
element to couple the circuit element to the ground 
plane; 

positioning a current diverting cutout in the circuit element 
proximate to Where the plated through hole intersects the 
pattern circuit element; 

forming the current diverting cutout to have a shape to 
partially surround the plated through hole. 

6. The method of claim 5 Wherein the current diverting 
cutout creates an electrical connection betWeen the circuit 
element and plated through hole that has at least one of 
capacitive and inductive components that are re?ective of the 
location of the plated through hole With respect to the at least 
one conductor pattern. 

7. The method of claim 6 Wherein the at least one of 
capacitive and inductive components of the electrical connec 
tion vary, in an opposing manner, as the physical location of 
the plated through hole varies on the circuit element. 

8. An RF ?lter device comprising: 
a ?rst conductive layer including at least one resonator and 

a second conductive layer at least partially covering the 
at least one resonator of the ?rst conductive layer; 

the second conductive layer overlying one side of the ?rst 
conductive layer; 

a plated through hole extending betWeen the ?rst conduc 
tive layer and the second conductive layer and intersect 
ing the at least one resonator to couple the at least one 
resonator to the second conductive layer; 

a current diverting cutout disposed in the at least one reso 
nator and positioned proximate the intersection of the 
plated through hole and the at least one resonator. 

9. The RF ?lter device of claim 8 further comprising a third 
conductive layer located relative to the ?rst conductive layer 
on an opposite side from the second conductive layer. 

10. The RF ?lter device of claim 8 Wherein the current 
diverting cutout creates an electrical connection betWeen the 
at least one resonator and plated through hole that has at least 
one of capacitive and inductive components that are re?ective 
of the location of the plated through hole With respect to the at 
least one resonator. 

11. The RF ?lter device of claim 10 Wherein the at least one 
of capacitive and inductive components of the electrical con 
nection vary, in an opposing manner, as the physical location 
of the plated through hole varies. 

12. An RF ?lter device comprising: 
a ?rst conductive layer including at least one resonator and 

a second conductive layer at least partially covering at 
least one resonator of the ?rst conductive layer; 
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6 
a plated through hole extending betWeen the ?rst conduc 

tive layer and the second conductive layer and intersect 
ing the at least one resonator to couple the at least one 
resonator to the second conductive layer; 

a current diverting cutout disposed in the at least one reso 
nator and positioned proximate the intersection of the 
plated through hole and the at least one resonator; 

the current diverting cutout having a shape to partially 
surround the plated through hole at the intersection. 

13. The RF ?lter device of claim 12 Wherein the current 
diverting cutout is semi-circular in shape to partially surround 
the plated through hole. 

14. A method of forming an RF ?lter device comprising: 
providing a ?rst conductive layer and including at least one 

resonator in that ?rst conductive layer; 
providing a second conductive layer to de?ne a ground 

plane With respect to the ?rst conductive layer and the at 
least one resonator; 

the second conductive layer overlying the ?rst conductive 
layer; 

forming a plated through hole to extend betWeen the ?rst 
and second conductive layers, and to intersect the at least 
one resonator; 

positioning a current diverting cutout in the at least one 
resonator proximate to Where the plated through hole 
intersects the at least one resonator. 

15. The method of claim 14 Wherein the current diverting 
cutout creates an electrical connection betWeen the at least 
one resonator and plated through hole that has capacitive and 
inductive components that vary, in an opposing manner, as the 
physical location of the plated through hole varies With 
respect to the at least one resonator. 

16. A multi-layer printed circuit board comprising: 
a ?rst conductive layer including at least one conductor 

pattern de?ning a circuit element; 
a second conductive layer de?ning a ground plane With 

respect to the ?rst conductive layer and the circuit ele 
ment; 

a plated through hole extending betWeen the ?rst conduc 
tive layer and the second conductive layer and intersect 
ing the at least one conductorpattern to couple the circuit 
element to the ground plane; 

a current diverting cutout disposed in the circuit element 
and positioned proximate the intersection of the plated 
through hole and at least one conductor pattern; 

the current diverting cutout having a shape to partially 
surround the plated through hole at the intersection. 

17. The multi-layer printed circuit board of claim 16 
Wherein the current diverting cutout is semi-circular in shape 
to partially surround the plated through hole. 

* * * * * 


